The present experiment examined whether or not predictability over food acquisition eliminated the impairment of subsequent escape performance which otherwise resulted from loss of control over food acquisition. For the predictable/controllable (P/C) and the yoked predictable/uncontrollable (P/UC) groups, given a required response by the P/C rats during pretreatment, a 1.5-s tone was followed by food, For the unpredictable /controllable (UP/C) and the yoked unpredictable/uncontrollable (UP/UC) groups, the tone was randomly presented during pretreatment. Results of the number of failures on the disk-pull shock-escape test indicated that the P/UC group showed the same superior performance as the P/C, UP/ C, and naive control groups, which differed significantly from the UP/UC group. This modulating effect of a predictive signal is hypothesized to be due to an overshadowing of predictability upon uncontrollability.
Exposure to inescapable shock is known to interfere with later adaptive learning in aversive or appetitive situation (e.g., Overmier & Seligman, 1967; Seligman & Maier, 1967) . This phenomenon has been termed the learned helplessness effect; it has been hypothesized that learning about noncontingency between response and outcome produces the learning of uncontrollability, and results in deleterious effects (Maier & Seligman, 1976; Seligman, 1975) . Some experiments found that the learning of uncontrollability in an appetitive situation interferes with subsequent learning in aversive or appetitive situation (Caspy & Lubow, 1981; Goodkin, 1976; Job, 1987 Job, , 1988 Job, , 1989 Sonoda, Hirai, & Okayasu, 1992; Sonoda, Okayasu, & Hirai, 1991) . These findings are formally similar to effects seen in experiments with pretreatment of uncontrollability over shock. Both effects of aversive and appetitive pretreatment appear to result from the learning of response-outcome independence, and seem to support the importance of control over outcomes.
At present, much literature has reported that the presence of an exteroceptive stimulus prevented the adverse effects of inescapable shocks, when such a stimulus was used as a feedback (backward) stimulus following shock (e.g., DeCola, Rosellini, & Warren, 1988; Maier & Warren, 1988; Mineka, Cook, & Miller, 1984; Rosellini, Warren, & DeCola, 1987; Volpicelli, Ulm, & Altenor, 1984) , a cessation signal of shock (Minor, Trauner, Lee, & Dess, 1990) , or forward stimulus followed by shock (predictable shock) (e.g., Dess, Linwick, Patterson, Overmier, & Levine, 1983; Jackson & Minor, 1988; Seligman, 1968; Seligman & Meyer, 1970 oscillator and was delivered through the speaker. The escape test was administered in 9-cmwide, 19-cm-high, 18.5-cm-long disk chamber consisting of clear Plexiglas and a floor of stainless steel rods (0.6 cm center to center). This apparatus was the same type used by Tsuda (Tsuda, Tanaka, Hirai, & Pare, 1983a; Tsuda, Tanaka, Nishikawa, & Hirai, 1983b) to expose rats to escapable or inescapable shock. The rear wall of each chamber was angled to fit across the rat's back and thus prevented the rat from turning around in the chamber. A 2-cm diameter stainless steel disk manipulandum (1 cm thick) was suspended 7 cm from the ceiling into the chamber and situated in front of the rat's nose. Pulsed shocks from a shock generator (Dept. of Engineering, Sophia Univ.) were delivered through a copper clip which was attached to the tail of the animals, to a grid floor. Procedure Animals were placed on a 23-h food deprivation schedule, with access to food during one hour per day, over a five-day period prior to the experimental session. This reduced their weight by approximately 15% prior to the beginning of the experiment. The experiment was conducted in eight replications.
Shaping and CRF training. On the first day, four animals received shaping of lever press responses in a Skinner box with about 50 food pellets. On the following day, these rats were administered one CRF training session to earn 100 pellets by lever-pressing in the Skinner box. The one animal consumed 50 pellets on the first day and 100 pellets on the second day, which were presented en masse on a plate in their home cage.
Pretreatment. Four animals that had been given the shaping and the CRF training were randomly assigned to either predictable (P) or unpredictable (UP) conditions. Additionally , each of the predictable and unpredictable conditions was randomly divided into a controllable (C) and an uncontrollable (UC) con-dition. Therefore, four experimental groups (P/C, P/UC, UP/C, UP/UC) of eight rats each were formed. Two controllable groups could earn a food pellet by fixed ratio (FR) five lever presses on the third day of the experiment, and by FR 20 on the fourth day, to earn 100 pellets each day. Each of the two uncontrollable groups was yoked to the corresponding controllable group in the same predictability condition. Thus the uncontrollable rats obtained pellets at the same time as the controllable rats except that the pellet delivery was independent of the yoked animals' behavior. Given the required number of responses (FR 5 or FR 20) by the P/C rats, a predictive stimulus (tone for 1.5-s) was presented through a speaker on the front wall and then one food pellet was delivered. Thus, there were 1.5-s delays between a terminal response and a food delivery in these controllable rats. The yoked P/UC rats received noncontingent presentation of the predictive signal followed by food. For the UP/C rats, there was no delay between a terminal response and food delivery. They received the 1.5-s tone, according to a variable time (VT) 15-s schedule (range, 5-25 s) on day 3 (of an FR 5 treatment), or to a VT 40-s (range, 20-60 s) on day 4 (of an FR 20 treatment). The UP/UC rats received tones and food pellets whenever the UP/C rats did. For the remaining one naive control group, during each of these two days 100 pellets were presented en masse on a plate in their home cage. Test. On day 5, all rats were tested with fifty trials of the disk-pulling escape task. One-mA pulsed shocks (shock-shock interval of 0.5-s and pulse duration of 0.5-s) were delivered until the rats pulled the disk-bar once (FR 1) on the first ten trials and twice (FR 2) on the remaining forty trials. If the rats failed to escape within 60-s after shock onset, the trial automatically terminated and a 60-s latency was recorded. The inter-trial interval had a mean of 40-s, with a range between 20 and 60 s.
Results

Pretreatment
Mean number of tone presentations for the unpredictable condition during pretreatment was 94.6 (standard deviation; SD= 23.11) on FR 5, and 107.7 (SD=46.09) on FR 20. This shows approximately the same number as that of the predictable condition, 100 fixed. Figure 1 shows the mean number of responses across the last five minutes of each schedule (FR 1, FR 5, and FR 20 the uncontrollable conditions. Interestingly, a Newman-Keuls test found a difference between the P/C and the UP/C groups on the FR 5 schedule. That is, the P/C group emitted significantly fewer responses than the UP/C group. This difference was not significant on the FR 20 schedule. Test Figure 2 shows the mean response latencies on the disk-pull escape task for each group across blocks of 10 trials. An ANOVA applied to the FR 1 latencies did not yield a reliable group effect. To assess the interaction of prediction and control, an ANOVA was conducted on the FR2 latencies as a function of predictability (predictable, unpredictable), controllability (controllable, uncontrollable), and blocks of 10 trials (1-4) for the four experimental groups. of subsequent escape performance which otherwise resulted from uncontrollability over food acquisition. The results supported in part this hypothesis. This modulation effect by the predictive signal is analogous to that found for the effects of forward and backward signals of shock conducted in aversive pretreatment situations (e.g., Jackson & Minor, 1988; Volpicelli, Ulm, & Altenor, 1984) .
Moreover, the results of three way ANOVA of the test indicated that prediction alone had little effect on escape performance, but the control and the interaction of control and prediction had reliable effects. To date, some literature indicates the importance of unpredictability as a causal factor in learned helplessness (e.g., Overmier & Wielkiewicz, 1983) . However, these experiments did not compare the effects between control and prediction. Moreover, in terms of physiological indices, Dess et al. (1983) reported that both controllability and predictability modulated the physiological impact of shocks in different ways. They found that during stress induction, uncontrollable shocks produced significantly greater cortisol elevations than controllable shocks but that predictability had no significant effect on cortisol responses. However, unpredictable shocks during stress induction acted proactively to significantly increase cortisol responses to novel test shocks, whereas prior controllability did not modulate subsequent responsivity to novel shocks. By contrast, the present data with behavioral measurements suggests the importance of control on the subsequent escape learning, as compared to prediction.
Although the above analysis that included both predictability and controllability variables suggests a relatively greater importance of controllability compared to predictability, it was difficult to compare directly the effectiveness of these two variables, methodologically. For the rats with control, there are response-produced stimuli which include proprioceptive cues and any tactile, visual or auditory changes generated by lever-pressing.
These stimuli generated by responses serve as a predictive signal for food, thus, the rats with control also have predictability. Another problematic aspect was in the procedure concerning the delay between terminal response and food outcome. While the P/C rats had both the predictive signal and delay of food reinforcement, the UP/C rats did not. Therefore, these two variables (signal and delay) were confounded in the comparison of P/C and UP/C rats. In this sense, the effectiveness of the predictability manipulation of the present experiment was able to be seen only in the uncontrollable condition. Therefore, the effect of this predictability manipulation may have simply been dependent on (i.e., interacted with) controllability.
There is no clear theoretical explanation for the effect of predictability in this experiment. For example, the present prophylactic effect produced by administration of predictable food during pretreatment cannot be explained in terms of a safety signal, because there could be no fear of shock in the present pretreatment phase. Many reports indicate the importance of safety signals during sessions in which uncontrollable shocks are presented upon the elimination of subsequent escape deficits (e.g., Minor et al., 1990) .
One possible explanation of the prophylactic effects observed in this experiment is based on overshadowing, that the Pavlovian relation between signal and food interfere with learning of the instrumental relation between response and food. It has been reported that when reinforced responses produced a signal prior to the reinforcer, there was a reduction in the instrumental responding, and this phenomenon was taken as evidence of overshadowing of the response-reinforcer association by a stimulus-reinforcer association (e.g., Pearce & Hall, 1978; Schachtman & Reed, 1990) .
However, if there was overshadowing during the pretreatment, it is possible that the P/ UC group would show more persistent responding than the UP/UC group, because 
